Estimations of the plasma concentrations of lignocaine and prilocaine during epidural block and intercostal regional block show that higher plasma levels are consistently found with lignocaine provided comparable solutions are studied; that the site of injection is of some importance in determining the absorption of local analgesic drug; that, within the range 1-2 per cent, concentration is not important if a total dose of 400 mg of either drug is not exceeded and finally that the addition of adrenaline 1/80,000 is of value with lignocaine but possibly not with prilocaine.
The toxic effects of local analgesic drugs are mainly due to their actions upon the cardiovascular and central nervous systems. For such effects to arise, a sufficiently high concentration of the drug must occur in the blood following absorption from the site of injection or application. The measurement of plasma concentrations is, therefore, of importance in the assessment of both the toxicity of a local analgesic drug and the safety of any local analgesic procedure. More direct evidence would be available from the measurement of tissue levels of local analgesic drugs but this is not a practical procedure in clinical work.
Reports on the estimation of plasma concentrations are relatively uncommon but Foldes and associates (1960) found that, when injecting lignocaine intravenously into conscious volunteers, toxic manifestations in the central nervous system were observed when the plasma levels were above 5 pig/ml. Englesson and co-workers (1962) obtained similar results with lignocaine and also with prilocaine (Citanest). Bromage and Robson (1961) have pointed out that general anaesthesia (which is not infrequently given concomitantly with local analgesia) will obtund the early signs of toxicity of the central nervous system. They considered that, under light general anaesthesia, plasma levels of the order of 10 [Ag/ml of lignocaine were necessary before toxic effects, e.g. hypotension, could be detected. Many factors can affect the level to which the plasma concentrations of local analgesics will rise.
The most important of these are: drug employed; site of injection or application; presence of a vasoconstrictor drug; concentration of solution; total dose of drug; speed of injection; rate of degradation. Little is known, however, about the relative importance of these factors (Sadove et al., 1952) . To elucidate this problem, we have investigated the plasma concentrations of two such drugs in several groups of patients. By altering only one factor between otherwise comparable series, it has been possible to study the effects of different sites of injection, the value of adrenaline, variations in the concentrations of the analgesic solution, and the differences between lignocaine and prilocaine.
METHOD
Patients. Some 166 patients were investigated. All were undergoing major gynaecological surgery and received a general anaesthetic in addition to the regional block. The regional block employed, the analgesic solution used and the number of patients in each group are given in table I.
Choice of drug. Two drugs were studied, lignocaine and prilocaine. The former is probably the most widely used local analgesic drug at present, whilst the latter drug, which is claimed to be equipotent with lignocaine as regards latency, Intercostal 40 ml of 1 % lignocaine 10 20mlof 2% lignocaine 11 10 ml of 4% lignocaine 13 20 ml of 2% lignocaine +1/80,000 adrenaline 10 20 ml of 2 % lignocaine +1/200,000 adrenaline 12 20 ml of 2% prilocaine 13 40 ml of 1 % prilocaine 9
Total 166 effectiveness and duration of activity (Eriksson and Gordh, 1959; Crawford, 1964) , has only recently become available. Site of injection. Two types of regional nerve block were studied, lumbar epidural block and intercostal regional block. The epidural blocks were performed using the "loss of resistance" technique, the syringe being filled with sterile saline to identify the space. The space identified, the chosen solution was injected over a period of 1 minute. Intercostal nerve block was used to provide relaxation during abdominal surgery (Farman, Gool and Scott, 1962) and involved bilateral block of the lower five intercostal nerves in the posterior axillary line. The intercostal blocks were carried out over a period of 1 minute by two anaesthetists working simultaneously.
Adrenaline. To examine the effect of the addition of a vasoconstrictor, adrenaline in a concentration of 1:80,000 or 1:200,000 was added to the analgesic solution in certain groups to enable a comparison to be made with the corresponding plain solution.
Concentration of analgesic solution. In the groups undergoing intercostal regional block, the concentration of the injected solution was altered whilst keeping the total dose constant at 400 mg. It was possible, in this way, to compare the effects of 1, 2 and 4 per cent lignocaine and 1 and 2 per cent prilocaine.
In patients receiving epidural block it was possible to compare a group receiving 20 ml of 1 per cent lignocaine with another given 10 ml of 2 per cent lignocaine, the total dose of lignocaine (200 mg) being the same in both scries.
Dosage. With the exception of the nineteen patients who received epidural injection of lignocaine 200 mg, all patients received 400 mg of either lignocaine or prilocaine.
Sampling and estimations. A polyethylene cannula was placed in a convenient arm vein. Blood samples (20 ml) were withdrawn into heparinized syringes 5, 10, 15, 20, 30 and 60 minutes after completion of the injection of the local analgesic solution. After centrifuging, the plasma was deep-frozen pending chemical analysis. The quantitative estimations of the concentrations of lignocaine or prilocaine were carried out by the bromocresol purple method (Woods et al., 1951) , with the following modification:
The plasma sample (2-4 ml) and 2 ml 1 M phosphate buffer pH 7.5 are mixed and shaken with 6 ml toluene. The aqueous phase is removed and lignocaine or prilocaine is extracted out of the toluene phase with 2 X 2 ml 0.1 M citrate buffer pH 4.0. The aqueous acid extract is then alkalinized and shaken with 4 ml toluene. The bromocresol purple reagent (1 mg bromocresol purple per ml toluene) is added to the toluene extract (0.1 ml per ml extract) and the colour is measured in a suitable photometer.
The accuracy of this method is approximately ±7 per cent at concentrations above 2 (ig/ml when running the samples twice. At lower concentrations the accuracy is ± 0.2 (Ag/ml.
RESULTS
By taking six samples from each patient it is possible to plot a curve of the rise and fall of the plasma concentration. To obtain a representative curve for each group of patients the mean values at each time interval have been calculated. In this way, a comparison between groups becomes possible.
The mavimnm concentration in any individual was usually found in the 15 or 20 minute sample but occasionally was observed in the 10 or 30 minute sample. In each group, the mean of the maximum concentrations has been calculated and this also allows each group to be compared with others. The results have been subjected to a statistical analysis based on the Student's "t" test. The standard deviations of the means and the significance of the group differences are given in the tables of results. Choice of drug. To detect any difference between lignocaine and prilocaine, the results from the following solutions have been compared: lignocaine 2 per cent plain and prilocaine 2 per cent plain (epidural block); lignocaine 2 per cent plain and prilocaine 2 per cent plain (intercostal block); lignocaine 1 per cent plain and prilocaine 1 per cent plain (intercostal block). The numbers of patients, the relevant results and their statistical treatment are given in table II and presented graphically in figure 1 . In all the above series, prilocaine gave lower plasma concentrations than lignocaine. In the epidural cases, the difference is significant (0.01>P> 0.001) and in both intercostal series the difference is highly significant (P<0.001). The differences between the mean maximum values in each series are highly significant (P<0.001) and indicate that lignocaine gives plasma levels 44-52 per cent higher than prilocaine.
Site of injection. Epidural block and intercostal regional block provide two different sites for comparison. Each of the following solutions was employed at both sites: lignocaine 2 per cent; lignocaine 2 per cent + adrenaline 1/80,000; prilocaine 2 per cent. The relevant results and their statistical treatment are given in table HI and presented graphically in figure 2. The plasma concentrations observed during intercostal block were always higher than those obtained during epidural block. The results are significant for each of the three solutions employed. The differences between the mean Lignocaine 2% 20 ml (400 mg) (n=13) Prilocaine 2% 20 ml (400 mg) (n = 13) Significance of group difference (P)
Lignocaine 2% 20 ml (400 mg) (n = ll) Prilocaine 2% 20 ml (400 mg) (n = 13) Significance of group difference (P)
Lignocaine 1% 40 ml (400 mg) (n = 10) Prilocaine 1% 40 ml (400 mg) (n=9) Significance of group difference (P) maximum concentrations from the two sites investigated are significant for each of the solutions employed. Intercostal block gives maximum plasma levels 58-66 per cent higher than epidural block.
Effects of addition of adrenaline. Analgesic solutions containing adrenaline were used in certain groups. The following series are available for comparison:
lignocaine 2 per cent and lignocaine 2 per cent + 1/80,000 adrenaline (epidural block); prilocaine 2 per cent and prilocaine 2 per cent + 1/80,000 adrenaline (epidural block); prilocaine 2 per cent and prilocaine 2 per cent +1/200,000 adrenaline (epidural block); lignocaine 2 per cent and lignocaine 2 per cent + 1/80,000 adrenaline (intercostal block); lignocaine 2 per cent and lignocaine 2 per cent + 1/200,000 adrenaline (intercostal block).
The relevant results are presented in table IV along with their statistical treatment, The results are presented graphically in figure 3 . The addition of adrenaline 1/80,000 to 2 per cent lignocaine resulted in a significant lowering of plasma concentrations of the drug during epidural and intercostal block for a period of 30 minutes following injection. Adrenaline in a dilution of 1/80,000 lowers the mean maximum value of the plasma concentrations of lignocaine by approximately 25 per cent in both types of nerve block. The use of adrenaline in a dilution of 1/200,000 with 2 per cent lignocaine for intercostal block lowered plasma concentrations to some extent (see fig. 3 ) but the results are considerably less significant than with adrenaline 1/80,000, the mean maximum concentration being lowered by 18 per cent. No significant fall was observed in the plasma concentrations of prilocaine when Plasma concentrations compared using solution with and without adrenaline.
Solution and No. of patients (n)
Lignocaine 2% 20 ml (400 mg) (n -151 Lignocaine 2% + adrenaline 1/80,000 20 ml (400 mg) (n -13) Significance of group difference (P) Prilocaine 2% 20 ml (400 mg) (n -13) Prilocaine 2% + adrenaline 1/80,000 20 ml (400 mg) (n=10) Significance of group difference (P) Prilocaine 2% 20 ml (400 mg) (n-13) Prilocaine 2% + adrenaline 1/200,000 20 ml (400 mg) (n=8) Significance of group difference (P) Lignocaine 2% 20 ml (400 mg) (n-11) Lignocaine 2% + adrenaline 1/80,000 20 ml (400 mg) (n-10) Significance of group difference (P) Lignocaine 2% 20 ml (400 mg) (n = ll) Lignocaine 2% + adrenaline 1/100,000 20 ml (400 mg) (n = 12) Significance of group difference (P) adrenaline 1/200,000 or 1/80,000 was added to the analgesic solution for epidural block.
Concentration of solution.
It has been suggested that increasing the concentration of a local analgesic solution for infiltration renders toxic manifestations more likely. To study this problem we have varied the concentration and volume of the analgesic solution whilst keeping the dose constant in each patient in comparable series. The results from the following series are available for comparison:
40 ml lignocaine 1 per cent and 20 ml lignocaine 2 per cent (intercostal block); 40 ml prilocaine 1 per cent and 20 ml prilocaine 2 per cent (intercostal block); 20 ml lignocaine 1 per cent and 10 ml lignocaine 2 per cent (epidural block). The relevant results and their statistical treatment are given in table V and presented graphically in figure 4 . It is clearly seen from figure 4 and the statistical analysis in table V that, provided the total dose of drug is constant, altering the concentration of the analgesic solution within the range 1-2 per cent makes no difference to the plasma concentrations reached. A further series of intercostal regional blocks was carried out using 10 ml of 4 per cent lignocaine (400 mg) and the plasma concentrations obtained are shown in table VI along with their statistical analysis and are presented graphically in figure 5 . The values for 20 ml of 2 per cent plain lignocaine are repeated for comparison. It will be seen that, despite the fact that the total mass of drug is the same, when 4 per cent solution is employed, there is an approximate increase of 30 per cent in the mean maximum value of the plasma concentration as compared with that found with the 2 per cent solution.
DISCUSSION
When using local analgesic drugs, certain approximations and assumptions must be made to estimate the amount and concentration of the agent required for a particular patient. Of the factors listed above only the rate of degradation of the drug is outwith the control of the administrator. The present work is an attempt to evaluate the significance of some of the remaining factors.
Drug used. Our results show that prilocaine gives considerably lower plasma concentrations than does lignocaine. When comparing plasma levels reached by different drugs which are structurally related, some caution is necessary before valid conclusions can be drawn as to their relative toxicity (Dhuner, 1964) . Before two such drugs can be compared in this way, it is necessary to know that each causes toxic reactions at approximately the same level of plasma concentration. Englesson and co-workers (1962) found, in a cross-over trial, that toxic effects occur with either drug at about the same plasma concentration and therefore we feel that such a comparison can be made between lignocaine and prilocaine. Thus, the significantly lower plasma concentrations found with prilocaine during clinical work are of practical importance and probably represent a different pattern of distribution and degradation. Prilocaine would, therefore, appear to be more suitable when high dosage (i.e. in excess of 400 mg) of local analgesic drug is required or where accidental intravascular injection is a real risk.
Site of injection. The results obtained in this study show that much higher plasma levels follow intercostal block compared with epidural block. The only explanation of this can be differences in vascularity of the tissues at the two sites investigated. The epidural space contains numerous blood vessels and is usually held to be a particularly vascular area. In fact, these blood vessels are running to and from structures outwith the Plasma levels reached following the injection of 1 and 2 per cent lignocaine and prilocaine in epidural and intercostal block. All cases received 400 mg of local analgesic. In no comparable series could any significant difference between the 1 and 2 per cent solutions be detected. Plasma levels of lignocaine following intercostal block using 1, 2 and 4 per cent solutions, all cases receiving 400 mg. The 4 per cent solution gave somewhat higher values than the 1 and 2 per cent solutions (P<0.01) and the mean maximum value was 33 per cent higher.
epidural space and the number of capillaries (through which drugs are absorbed into the blood stream) is comparatively small. Further work is necessary to determine those areas which are more likely to give high plasma levels of the analgesic agent and consequent risk of toxic effects.
Concentration of solution.
It is often stated that the toxicity of a local analgesic drug increases with the concentration of the solution and some authorities go so far as to state that it increases in geometrical progression relative to the concentration (Anaesthesia, 1964) . Provided the total dose of the drug was constant, no significant differences could be observed between the plasma concentrations found when 1 or 2 per cent lignocaine solution was employed and the findings with prilocaine were the same. Only when a 4 per cent solution was used (a strength quite unnecessarily high for routine use) could any increases in plasma concentrations be demonstrated, and even then, such increases were only of the order of 30 per cent. The explanation for these findings probably lies in the relationship between the volume of the solution and its concentration. The more concentrated solutions offer steeper tissue/plasma gradients but the larger volume of a dilute solution provides a greater surface area for absorption. Provided the total dose is kept within safe limits, the choice of concentration should be governed by the size of the nerve to be blocked and not by any assumed toxicity.
Adrenaline. The use of adrenaline in local analgesic solution is widespread, though recendy there has been a tendency to use weaker concentrations, e.g. 1/200,000. The addition of adrenaline 1/80,000 to lignocaine 2 per cent solution for intercostal or epidural regional block reduced the mean maximum plasma concentration by only 25 per cent. When adrenaline in a concentration of 1/200,000 was added to lignocaine 2 per solution the plasma levels found were about midway between those for plain solution and those obtained with solutions containing adrenaline 1/80,000. The addition of adrenaline in concentrations of 1/200,000 or 1/80,000 to 2 per cent prilocaine for epidural block produced no significant lowering of plasma concentrations. The reasons for this are not dear but may be related to the observations of Astrom (1964) and Albert and Lofstrom (1964) who found that adrenaline had much less effect in prolonging the action of prilocaine than was the case with lignocaine.
On the other hand, the actual values of the plasma concentrations of prilocaine found during epidural block are low and it is correspondingly more difficult to detect any significant differences between plain solution and solutions containing adrenaline. Further work is necessary before it can be claimed that the addition of adrenaline to solutions of prilocaine is not of value. 
